The increase in dermatophytoses and the fact that some patients do not respond well to therapy make it necessary to find new antifungal agents. As part of our ongoing studies on medicinal plants from Iran, we studied antidermatophytic activities of Ferula latisecta essential oil, which had shown considerable antifungal activity in preliminary antimicrobial screening. Antifungal activity was evaluated by determination of MIC values using the agar dilution method on type strains of Candida albicans and dermatophytes. The composition of the oil was characterized by GC and GC/MS analyses. The essential oil was rich in polysulfides (75.2%) and exhibited good activity against Trichophyton rubrum and T. verrucosom for about three weeks, with a MIC value 96 µg/mL. The oil showed antifungal activity, especially against dermatophytes, and the activity is probably related to the sulfur-containing components of the oil. This study has identified that the polysulfides-rich essential oil of Ferula latisecta fruits has activity against a range of human pathogenic dermatophytes, justifying future clinical trials to validate its use as a therapeutic alternative for dermatophytosis.
The increase in recalcitrant dermatophytoses and the fact that some patients do not respond well to therapy make it necessary to test new therapeutic strategies. On the other hand, the small number of drugs available for their treatment encourages the search for alternatives among low cost and low toxicity traditional therapies and natural products.
The genus Ferula (Apiaceae) is represented by more than 150 species, and members of this genus are widespread throughout central Asia [1] . Several species of Ferula are used in traditional medicine. The chemical constituents of Ferula species have been studied by many groups [2] . The compounds typically found in this genus are sesquiterpenes [3, 4] , sesquiterpene coumarins [5] and sulfur-containing compounds (polysulfides) [6] [7] [8] [9] [10] . There is some evidence that natural polysulfides possess antifungal activities [11] [12] [13] [14] [15] .
F. latisecta Rech. f. & Aell., a plant endemic to Iran [16] , has a characteristic strong odor and is traditionally used for treatment of infant colic. Our previous study revealed that the fruit oil of the plant contained high amounts of polysulfides [17] . In that study we showed that the oil exhibited antibacterial activity against Gram-positive bacteria, especially against Staphylococcus aureus. The oil also showed relatively potent inhibition of Candida albicans using a microdilution broth method. In the present study, the inhibition of dermatophytes and C. albicans strains produced by the essential oil isolated from F. latisecta growing wild in Iran was determined using an agar dilution method Forty-one components were identified from the oil of this species, representing 88.9% of the total oil. The major component was sec-butyl-(Z)-propenyl disulfide (65.2%). The other main constituents were
) and di-sec-butyl-trisulfide (0.4%) as minor components. Therefore, among the identified compounds, eight were polysulfides (75.5%) [17] .
The oil did not show any activity against C. albicans at a concentration of 2 mL/L (1930 µg/mL). However, the oil was active against Trichophyton mentagrophytes, T. schoenleinii, Microsporum canis and M. gypseum, but the most significant activity was against T. rubrum and T. verrucosom, with a MIC value of 96 µg/mL ( Table 1 ). The oil completely inhibited the growth of T. rubrum for 7 days and 14 days, and by 95% for 21 days, at a concentration of 48 µg/mL. In addition, the oil completely inhibited the growth of T. verrucosom for 7 days, by 92% for 14 days, and by 73% for 21 days. The oil was moderately active against M. canis, with a MIC value of 120 µg/mL. At a concentration of 96 µg/mL, the oil completely inhibited the growth of T. verrucosom for 7 days, by 86% for 14 days, and by 68% for 21 days. Figure 1 shows the growth inhibition percentage of the oil at a concentration lower than MIC for the tested dermatophytes for one, two and three weeks, respectively.
The solid dilution method has been recommended for studying non-polar substances as well as all types of complex extracts. This method is especially good for determining the relative potency of essential oils [18] . On the other hand, it was not feasible to carry out the assays by micro-or macrodilution methods due to the limited solubility of the oil. Therefore, we chose the agar dilution method for studying the antidermatophytic activity of F. latisecta oil.
Regarding the method used, MIC values of the oil were in the range of 96-965 µg/mL (Table 1) . It should be pointed out, however, that comparison of the agar macrodilution and broth microdilution methods has demonstrated that the achieved MICs of the microdilution method are lower than those of the agar macrodilution procedure. These lower MICs were more in line with skin tissue levels achieved by the usual treatment regimens [19] .
Polysulfides were found to be the main components of the oils of some Ferula species, including F. fukanensis, F. sinkiangensis, and F. persica, as well as of asafoetida (the oleogum resin from F. asafoetida, F. alliacea, F. foetida and F. narthex) [7, 8, 10] . The major components of the volatile oils of F. fukanensis and F. sinkiangensis were sec-butyl-(E)-propenyl disulfide (40%) and sec-butyl-(Z)propenyl disulfide (44%), respectively [7] . It has also been shown that the flavor of asafoetida is largely due to four sulfur compounds, sec-butyl-(E)/(Z)propenyl disulfides [7, 8] , 1(1-methylthiopropyl) 1-propenyl disulfide and sec-butyl-3-methylthioallyl disulfide [8] . We have recently shown that the oil of the root of F. persica contained some polysulfides, including dimethyl trisulfide (18.2%), dimethyl Antifungal activity of essential oil of Ferula latisecta Natural Product Communications Vol. 3 (9) 2008 1545 tetrasulfide (7.6%) and dimethyl pentasulfide (1.2%) as main components [10] .
Di-propyl disulfide, with a structure similar to those of the polysulfides of F. latisecta oil reported in this paper, had a strong antifungal activity against Cladosporium sphaerospermum (MIC = 0.1 µg, TLC bioautography assay) and C. cladosporioides (1.0 µg) [12] . In another work, synthetic polysulfides showed potent antifungal activity against candidosis in mice [20] . Also, bis(methylthiomethyl) disulfide from Scorodocarpus borneensis exhibited relatively strong antifungal activity [21] . Recently, it has been shown that sulfur-containing compounds isolated from the roots of F. persica were active antifungal components, with MICs ≤ 62.5 µg/mL against filamentous fungi [13] .
Our findings revealed that the oil of F. latisecta not only can inhibit the growth of dermatophytes at a minimum inhibitory concentration (MIC), but also can considerably reduce the growth of the fungi at a concentration lower than the MIC (Figure 1 ). For example, at a concentration of 96 µg/mL, the oil completely inhibited the growth of T. verrucosom for 7 days, by 86% for 14 days, and by 68% for 21 days.
According to the mentioned literature references, as well as the existing high amounts of polysulfides in the oil, its antifungal activity may be attributed to the polysulfides. However, more investigations are needed using the purified polysulfides of the oil. 
Detection of antifungal activity:
Antifungal activity was evaluated with an agar dilution method and the minimum inhibitory concentration (MIC) was determined for the essential oil, using a two-fold serial dilution technique, with some modification [22, 23] . The oil was mixed with Tween 80 (Merck, 1 mL of oil and 9 mL Tween 80) and diluted with melted Mycobiotic Agar Medium (soy peptone 10 g, dextrose 10 g, cycloheximide 0.4 g, chloramphenicol 0.05 g, agar 15.5 g in 1 L water, Difco) to produce the following concentrations: 1 mL/L (965 µg/mL, according to the density of the oil), 0.5 mL/L (482 µg/mL), 0.25 mL/L (241 µg/mL), 0.2 mL/L (193 µg/mL), 0.1 mL/L (96 µg/mL) and 0.05 mL/L (48 µg/mL), and then distributed to sterile petri dishes. The lyophilized fungi were suspended in 0.5 mL liquid medium (Sabouraud dextrose 4% + chloramphenicol 0.005%) and then directly grown in Sabouraud dextrose agar (SDA) by seeding. The grown fungi were inoculated in SDA by seeding in petri dishes containing different essential oil concentrations.
The minimum inhibitory concentration (MIC) was defined as the first concentration showing no visible growth after the incubation time (48 h for C. albicans and 7-21 days for dermatophytes). The tests were performed in triplicate. The tests were also performed with the highest used concentration of Tween 80 and without the oil, in triplicate. Ketoconazole (Merck) was included in the assays as a reference antifungal agent.
